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 The present pilot study outlines findings from a study that evaluated the efficacy of educational robots in 
enhancing children’s cognitive skills and historical knowledge. Applying LEGO® Wedo 2.0, the study focused on 

typically developing nine-year-old students in a K-12 public school setting. The hypothesis posited that students 

using robotics would demonstrate better performance in history lessons compared to those taught using 

conventional methods. Results indicated that students exhibited improved performance in history lessons when 

engaged with educational robotics, alongside a greater enjoyment of the subject compared to standard teaching 
methods. This study aligns with existing research suggesting that robotics can significantly impact education, 

serving as a tool to enhance students’ cognitive skills. 
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INTRODUCTION 

Scientific and technological innovation in the 21st century requires the acquisition and development of new skills. These 

abilities include thinking, problem solving, decision making, learning and creativity, which are intertwined with the use of 

information communication technology (ICT) (Binkley et al., 2012). The widespread use of ICT tools in everyday life offers new 

opportunities for pedagogy, including innovations in teaching and learning methods (Demertzi et al., 2018; Redecker & 

Johannessen, 2013). Moreover, technology not only supports the effectiveness of the teaching-learning process, but also develops 

the learning process itself, including students’ skills and abilities (Kálózi-Szabóet al., 2022; Xefteris & Palaigeorgiou, 2019). 

In recent years, the research community has shown great interest in educational robotics (ER) as a technology that essentially 

promotes the educational process (Aslanoglou et al., 2018; Dolezal et al., 2018; Fanchamps et al., 2021; Zygouris et al., 2017a) and 

which offers significant benefits to learning and teaching (Ching et al., 2019; Kyriazopoulos et al., 2022; Mutseekwa et al., 2024). ER 

is a field that combines aspects of computer science, technology, engineering, art, and mathematics (STEAM) to teach students 

important skills while engaging them in hands-on, interactive learning experiences (Alimisis, 2013; Vicente et al., 2021). It is worth 

mentioning that ER is a tool to motivate students in the teaching and learning process (Arís & Orcos, 2019). ER helps students 

develop a wide range of skills, such as problem solving, critical thinking, creativity, collaboration, communication and 

computational thinking (Alimisis, 2013; Gratani et al., 2021). In addition, it enables exploration, design, modeling, programming 

and construction while at the same time it can support individual and collaborative learning activities (Romero & Dupont, 2016). 

Cognitive skills are mental processes involved in acquiring, understanding, and using knowledge. These functions enable 

individuals to perceive, think, reason, remember, and solve problems. Research protocols suggests that cognitive skills can be 

enhanced by the use of ER and thus promote the overall cognitive development of students (Gabriele & Bilotta, 2013; Gabriele et 

al., 2017; Kálózi-Szabó et al., 2022; Liu et al., 2023; Moschella & Basso 2020; Romero & Dupont, 2016). The cognitive skills that can 

advance via the use of ER are problem-solving skills, thinking strategies and acquisition of new concepts (Gabriele et al., 2017). 

More specifically, ER often involves designing, building, and programming robots to perform specific tasks and solve problems 

Afari & Khine, 2017; Mutseekwa et al., 2024; Zhang & Zhu, 2022). This has the effect of enhancing critical thinking and problem-

solving skills, which are essential cognitive functions (Zhang, 2024). 
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Studies indicate that students, using planning and sequencing, improve their ability to think logically and systematically and 

cultivate their working memory (Araujo et al., 2019; Fatourou et al., 2018; Moschella & Basso, 2020; Zhang & Zhu, 2022). This results 

in the development of critical thinking and metacognition, specifically the active control of the cognitive processes involved in 

learning (Moschella & Basso, 2020). Building and manipulating robots cultivates students’ spatial and visualization skills that are 

useful for various cognitive tasks (Kálózi-Szabó et al., 2022). During robotics it is necessary for students to maintain their attention 

and stay away from external distractions so that they can complete their work. It has been established that ER attracts and 

maintains students’ attention and interest in the learning process (Bravo Sánchez et al., 2017; Kálózi-Szabó et al., 2022). 

Developing sustained attention and focus supports overall cognitive skills and academic performance. Naturally, activities using 

robots significantly enhance motivation to learn (Ching et al., 2019). 

In summary, ER can have a profound impact on cognitive skills such as problem solving, sequential thinking, spatial 

awareness, memory, attention, creativity, and feedback processing. By participating in hands-on robotics activities, students not 

only learn about robotics but also develop a wide range of cognitive skills that can be applied to various academic disciplines and 

real-world settings. 

The main aim of this research protocol is to compare students’ achievements in history knowledge when using ER versus 

standard teaching methods. This study aims to determine how ER enhances the learning of history, which requires memory and 

problem-solving abilities. It seeks to build on existing research regarding the use of ER in classrooms and its impact on these 

cognitive skills. The first hypothesis posits that students taught history with ER will perform better, indicating improved memory 

and problem-solving skills compared to those taught using standard methods. The second hypothesis suggests that students will 

have a more positive attitude towards ER than towards standard teaching methods. 

METHOD 

Participants 

A total of 19 students (N = 19) (12 girls and 7 boys) studying at the third class of primary school (K-12) participated in the present 

pilot study. All students were of typical development, without history of serious medical illness, psychiatric disorder, 

developmental disorder, or significant visual or auditory impairment according to their medical reports available at their school. 

It is worth noting that none of the participants had ever followed any program using ER before and during their participation in 

the study. The students were divided into four groups, three groups consisted of five students and the fourth group consisted of 

four. Each team was asked to build a robot (humanoid robot “Homer”, 2 ships and the Trojan Horse) and then program it with the 

appropriate commands, so that it would make the necessary movements on the map, according to the events of Trojan War 

(Figure 1). It is worth noting that all participants’ parents/guardians had to sign the consent form, allowing their child to 

participate in the study. Finally, the present study was conducted in compliance with the Declaration of Helsinki and the guidelines 

of the University of Thessaly Internal Research Ethics Committee. 
 

 

Figure 1. Robots and their programming (Source: Field study) 
 

Tools 

The LEGO® Wedo 2.0 ER package was used to carry out the research, which includes sorting trays, labels, a brain (Smarthub), 

a mid-motor, a motion sensor, a tilt sensor and enough additional materials for the students. Its software is supported by desktops 

and tablets and provides an easy-to-use programming environment (Figure 2). The student groups were given instructions to 

build the four robots. Then the students, under the guidance of their teacher, used the command blocks (images) to control the 

movements of the robots (speed, direction and duration of movement). Also, a mock-up with the map of Greece was used to move 

the robots, figures created by the students depicting the historical figures and picture cards that presented the events that 

happened. 

The performance of the students as well as the enhancement of their cognitive functions were evaluated by administering an 

achievement test and a questionnaire using five-point Likert scale. In addition, throughout the research, students’ attitudes 

towards ER were also assessed. The achievement test consisted of six tasks related to the events of the Trojan War (rhyme, filling 

in the blanks, ordering the characters of the story, one closed-ended question exercise and two open-ended questions). The 

questionnaire, administered alongside the achievement test, included two questions about their contentment with using robots 
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in teaching compared to standard teaching methods. Students were asked to indicate their liking of the teaching on a scale from 

1 to 5 (where 1 = not at all, 2 = a little, 3 = quite a bit, 4 = a lot, and 5 = very much). 

Use of ER in Teaching History 

All the students were taught the events of the Trojan War in a typical way by the class teacher. The standards teaching methods 

involved the simple presentation of the lesson without interactive ways of learning. After completing the typical teaching method 

all children were assessed with six questions on the topic of the lesson. At the second meeting held after two months, the students 

encountered the ER equipment, learned the parts that make up the LEGO® Wedo 2.0 robotic kit and what their use is (Figure 2). In 

the third meeting the students, divided into groups, were asked to follow instructions to build the four robots related to the events 

of the Trojan War. In the fourth session, the students finished building the robots and were later taught the commands to program 

the robots (Figure 1). Of course, this was followed by experimentation and testing with the programming blocks to understand 

how ER works. In the next meeting, figures that participated in the story of Troy were made using simple everyday materials in 

order to join the teaching using ER (Figure 3). In the sixth and seventh meeting, the events of the Trojan War were reenacted using 

all the tools (robots, figures, map and cards). Using the map, the students, divided into groups according to the robot they had 

built, read the cards that narrated the events, programmed the robots to take the corresponding routes on the map, used the 

figures and role-played (Figure 4). The use of the robots and their programming played a key role in the teaching, as the Homer 

robot narrated the events in each area, the robot ships moved to get to Troy, and the Trojan Horse robot had to act out the events. 

In the last meeting, the final evaluation was carried out, which was the same as the initial one so that the results are accurate and 

objective. That is, students were given the same achievement test (six comprehension questions of the history lessons) combined 

with a questionnaire that included two questions related to their contentment using ER. It is worth noting that during the 

implementation of the research the students were provided with support, whenever deemed necessary, without limiting their 

ingenuity and self-motivation. 
 

 

Figure 2. First contact with LEGO® Wedo 2.0 (Source: Field study) 

 

 

Figure 3. Figures of the Trojan War for role play (Source: Field study) 
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RESULTS 

To compare the scores and the mean of these participants before and after use of ER in teaching history statistical package for 

social sciences, SPSS, 27.0 (IBM), and more specifically, a parametric statistical analysis, the paired sample t-test, was used. The 

paired sample t-test was conducted to compare the performance and cognitive skills of the typically developing participants 

before and after the survey where the ER was implemented.  

Table 1 presents the average of the questions before and after using ER. Children presents more correct answers after 

implementing the ER teaching method in all 7 tasks in comparison to their performance after the standard teaching method. Also, 

as can be seen the t value is negative as the scores on the questions after using robotics were higher compared to the first questions 

taken before the survey. 

Table 1. Mean scores and standard deviations of correct answers of students pre- and post-using ER 

Exercises 
Pre-using ER Post-using ER 

t 
Mean Standard deviation Mean Standard deviation 

Acrostic 5.21 2.720 6.16 2.340 -3.149* 

Fill in the blanks 8.53 4.260 9.68 3.010 -1.819 

Sorting faces 6.68 4.280 8.05 3.410 -1.580 

Exercise with closed type questions 6.42 2.670 8.68 1.860 -4.575* 

Open-ended question about the apple of eris 16.05 12.310 26.84 7.490 -4.562* 

Open-ended question about the sacrifice of iphigenia 10.53 11.654 20.26 10.603 -4.276* 

Total of exercises 54.53 29.209 79.68 18.324 -5.995* 

Note: *p < 0.01 

 As it is presented in Table 1, all participants presented statistically significant better performance after implementing the ER 

methodology in five out of seven tasks. However, in “fill in the blanks” and “sorting faces” tasks participants presented better 

scores, but with no statistical significance (p > 0.05) in comparison to their answers after the standard teaching method. It must 

be noted that the negative t scores are reported as all participants scored lower at the pre-using ER procedure in comparison to 

the post-using ER procedure. 

Regarding the students’ contentment of using ER compared to standard teaching methodology the results are presented in 

Table 2.  

Table 2. Mean scores and standard deviations of participants’ pre- and post-using ER contentment scores 

 
Pre-using ER Post-using ER  

Mean Standard deviation Mean Standard deviation t* 

Contentment 2.47 1.124 4.84 .375 -6.889* 
 

 The statistical results, of Table 2 collectively, reflect positive outcomes for the program using ER. So, it is perceived that indeed 

the use of ER as well as the intensity of elements of STEAM education helped the participants to develop their cognitive skills and 

improve their performance in the history lesson, since the learning was carried out in a more interactive and pleasant way by 

focusing their interest and attention in comparison to standard teaching method. Negative t scores revealed that all participants 

presented lower scores of satisfaction following standard teaching method in comparison to ER teaching method.  

DISCUSSION 

The present study was conducted to compare students’ history lesson performance and cognitive skills development before 

and after the implementation of ER. The results presented suggest that the use of LEGO® Wedo educational kits improved the 

participants’ achievement test scores. In more detail the results of the present study suggest that participants understood the 

lesson better but at the same time improved their cognitive functions. Furthermore, the children’s improved scores after the 

 

Figure 4. Teaching the Trojan War with the robot, map, cards, and role play (Source: Field study) 
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application of robotics in all seven story assessment tasks in comparison to their performance following the typical teaching 

method. However statistically significant differences (p < 0.01) presented 5 out of 7 tasks. In tasks “fill in the blanks” and “sorting 

faces” participants presented better scores, but with no statistical significance (p > 0.05) in comparison to their answers after the 

standard teaching method. These results verify our first hypothesis that students with ER instruction would show better 

performance compared to standard instruction. 

The results of the present research are in line with studies that use the same robotic package to improve their performance in 

courses. The same results were found in studies using LEGO® Wedo (Ajlouni, 2023; Araujo et al., 2019; Aslanoglou et al., 2018; 

Chalmers, 2018; Chiazzese et al., 2019; Romero & Dupont, 2016; Scaradozzi et al., 2015; Usengül & Bahçeci, 2020) and in those using 

LEGO® Go Mindstorms (Afari & Khine, 2017; AlQarzaie & AlEnezi, 2022; Chaudhary et al., 2016; Eteokleous & Ktoridou, 2014; Masril 

et al., 2021; Zygouris et al., 2017b). However, the research protocol of Moschella and Basso (2020) presented contradictory results, 

according to which while the same tool was used there was no significant variability in terms of student performance. 

In addition, the present research evaluated the contentment and pleasure of students during teaching with ER compared to 

traditional teaching. The results of the present study suggest that children found statistically significant (p < 0.001) the ER 

methodology more pleasure joyful in comparison to typical teaching These results also verify the second hypothesis of the present 

study. It is important to mention that participants proved to maintain their attention for a longer period of time, were motivated 

to learn and tried through robotics to learn the rules of programming, thus developing their computational thinking. 

The present study also supports the results of other studies that assessed cognitive skills through programs using ER. More 

specifically, the study by Chin et al. (2014) found evidence that robotics-based instruction made students learn better, focused 

more, and was also shown to attract and maintain interest and attention to the learning experience. The findings of research 

suggested that the use of ER in teaching helped to develop creative thinking, critical thinking and metacognition and additionally 

improved visuospatial and logical skills (Moschella & Basso, 2020). In another study it became clear that students were motivated 

to learn and at the same time improvement in reading, comprehension and spatial orientation skills was observed (Kálózi-Szabó 

et al., 2022; Zygouris et al., 2017a). Consequently, it became apparent that through ER students over time developed their 

computational skills, which included visuospatial working memory and logical and abstract reasoning skills. Also, in this research 

it was shown that children perceived ER activities as games and thus learning was engaging and fun. Of course, in all these 

activities they were rarely distracted while there was increasing motivation to learn (Liu et al., 2023). Of course, there were also 

studies with conflicting results regarding the enhancement of attention, since the use of robotics failed to show that it helped 

maintain attention (Di Lieto et al., 2017). and yet no difference was observed in selective and focused attention (Kálózi-Szabó et 

al., 2022). 

In reviewing the findings of this research, the reader should bear in mind some of the study’s methodological limitations. 

Firstly, although the sample size (N = 19) in the current research protocol is relatively small, the statistically significant findings 

align with the results of previous studies. Secondly, students had limited time to interact with the ER due to the strict school 

curricula, which restricted the use of additional school hours. Future research aims to apply the study to a larger sample, including 

students with special educational needs, to draw comprehensive conclusions about the use of ER across different learning levels. 

Additionally, it would be beneficial to implement simultaneous teaching, using both standard teaching methods and ER 

concurrently. 

CONCLUSION 

Despite limitations, the findings presented here can contribute to advancing existing knowledge and providing valuable 

insights for practitioners and researchers in this specific research domain. This study reaffirms previous findings documented in 

the relevant literature while also strengthening the existing body of knowledge with new insights. It demonstrates the 

effectiveness of integrating ER into history courses, enhancing students’ performance and fostering the development of cognitive 

skills. Hence, our results indicate that combining storytelling and robotics could serve as an effective and sustainable approach to 

promoting the memory acquisition and problem-solving skills of children in education. 
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